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Abstract 
Gdynia is a city in the Pomeranian Voivodeship of Poland with a population of about 250,000. It faces a growing motorization rate 
that needs to be addressed. Car ownership in Gdynia now exceeds 500 vehicles per 1000 residents. Travel by public transport is 
decreasing and the rate of walking and cycling remains low. It is necessary to reverse these negative trends by implementing 
solutions based on walking, cycling, and smart mobility. On the basis of one selected intersection, the article presents a research 
method which aims at finding solutions that should improve pedestrian walking and safety conditions at signalized intersections in 
the city center area. According to the statistical research of traffic incidents, pedestrian behavior, and simulations run using the 
VISSIM software, an attempt was made to find solutions that will result in improvement of traffic conditions and pedestrian safety 
at signalized intersections. These analyses do not exhaust the test issues but are only a prelude to further research that will be run, 
among others, within the FLOW Project framework (HORIZON 2020). 
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1. Intruduction 
Traffic lights are one of the most effective tools of controlling traffic. They are used to segregate colliding traffic 
movements at intersections. To properly design a traffic lights controlled intersection, it is necessary to take into 
account the traffic parameters of all users. The most significant parameters are the speed and volumes of pedestrians 
and vehicles. Pedestrian commuting plays an important role for various groups of people, including children, people 
with no private transport access, and the elderly.  
Over the years, researchers have attempted to examine the factors which affect walking speed. The most essential 
factors influencing pedestrian speed are age, gender, physical constitution, motivation and purpose of travel, distance 
to be covered, and weather and terrain conditions (Fruin, 1971), (Fruin, 1989), (Witkowski, 1978). Based on research 
(Fruin, 1989) conducted with 967 free-flow pedestrians in New York City, 78% of subjects were noted to be moving 
with the speed of less than 1.4 m/sec. The median speed was 1.2 m/sec. However, older men’s speed was 1.1 m/sec 
and they constituted the 25 percentile of the distribution function. According to the Federal Highway Administration 
of the United States (HCM 2000), if the old people in the tested population constitute no more than 20% then the 
median speed is 1.2 m/sec. If it is more than 20% the median speed is 1.0 m/sec. In a free-flow sidewalk situation, 
pedestrians move with a median speed of 1.5 m/sec. 
Another factor that determines the developing a the traffic control logic at signalised intersections is to provide 
a high level of pedestrians safety. A pedestrian as a participant in traffic is often involved in road accidents. Compared 
with other EU countries, Poland is the most dangerous and the least pedestrian-friendly country for the traffic users. 
Road accidents involving pedestrians are caused by many factors which are affected by the traffic users’ behavior, the 
surroundings, and the vehicles. In Poland, it is mostly the road users’ mistakes and road planning and design that are 
to blame for the road accidents. Also it is necessary to consider the bad condition of the road infrastructure protecting 
pedestrians. A highly important factor contributing to the number of accidents is the lack of good legislative and 
organizational system solutions. In the EU countries, Poland has for many years been at the top of the list in terms of 
the low level of pedestrian traffic safety. The demographic fatality rate among pedestrians in road accidents has 
remained extremely high and in 2010 resulted in 32 deaths per million citizens while in the Netherlands it is 10 times 
smaller (Fig. 1). 
 
Fig. 1. The pedestrian safety rate in the EU countries – 25, the pedestrian fatality rate in road accidents (Source: self-study based on data from 
IRTAD database). 
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2. Pedestrian safety at signalized intersections in Gdynia 
In Poland the percentage of pedestrian deaths is over 30% of all deaths in road accidents. In the Pomeranian 
Voivodeship it oscillates within 25%, despite the fact that in 2010 it went over 30% (Fig. 2a). The risk of becoming 
a fatal victim as a pedestrian in the Pomeranian Voivodeship is also very high, on average it is 20 deaths per million 
citizens in the 5-year tested period (Fig. 2b). 
  
Fig. 2. The Pomeranian Voivodeship – a) percentage of accidents with pedestrians and pedestrian victims in total number of accidents and 
victims, b) pedestrian fatality rate in road accidents. 
In the analyzed 5-year period (2010–2014), 1075 road incidents took place in Gdynia, 990 of which were road 
accidents that resulted in 1115 people injured and 59 dead. (Fig. 3). Within the tested period at Gdynia’s intersections, 
3551 collisions and 451 accidents were registered (40% of all accidents within the urban areas). In these, 15 people 
died, 526 were injured, and nearly half of those accidents happened on the signalized intersections. In Gdynia, 
similarly to other Polish cities, the highest fatality rate is among the pedestrians. The percentage of accidents in which 
pedestrians were participants is close to 35%. A much similar result was noted in the number of deaths. The percentage 
of seriously injured victims is also quite high – over 40% of all cases in Gdynia. At the intersections, there were 
109 collisions involving pedestrians, 159 accidents were registered where in 153 cases people were injured 133 were 
heavily injured, and 25 died. Of those accidents, 33% were recorded on the signalized intersections and 39% of 
pedestrians involved in those accidents died (Tab. 1). 
 
 
Fig. 3. The number of accidents and victims in Gdynia between 2010–2014 (Source: self-study based on data from SEWIK database). 
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Table 1 Statistical table of number collisions and accidents’ victims that involved pedestrians between 2010–2014.  
 
Road accidents were caused by the driver (129 collisions, 180 accidents) as well as by the pedestrians 
(107 collisions, 132 accidents). The most frequent causes of accidents, provoked by the drivers and were the driversʼ 
fault, where pedestrians were involved, was not giving way to the pedestrian (70%); 48% of the accidents were caused 
by the pedestrians because of an incautious entry onto the road in front of the moving vehicle and 26% because of 
entering the crosswalk on the red light. Such incorrect pedestrian actions may be a result of a too long waiting time 
for the green light, which causes impatience and provokes such incorrect behavior. Incorrect driver actions, on the 
other hand, take place predominantly at non-signalized intersections where the drivers enter the crosswalk despite the 
fact that a pedestrian is already there. At signalized intersections, the incorrect actions take place when the driver is 
trying to turn left on the permissive green signal (colliding with pedestrian traffic). Other dangerous driver actions 
also happen while turning right using the conditional green arrow signal where they drive onto the crosswalk with the 
pedestrians on it who have a green signal. Such hazardous situations take place at the intersection of Władysława IV 
St. and 10 Lutego St. in Gdynia. A traffic safety analysis done over 2010–2014 recorded 48 road incidents, including 
5 accidents. There were only 3 incidents and 1 accident involving pedestrians. In two situations, pedestrians were at 
fault for trying to cross the street on the red signal in front of a moving vehicle. 
 
  
Fig. 4. The analyzed intersection a) pedestrians volumes within the area of analysis (source: self-prepared material within the CIVITAS 
DYN@MO project), b) Conflicting situations at the analyzed intersection. 
To complement the analysis, the Conflict Technique is used which, to a large extent, shows the risk of a pedestrian 
being involved in a road accident. Traffic conflicts are such situations that illustrate the interactions between two users 
of the traffic area who are moving in a way that may result in a collision when at least one of them does not undertake 
the steps to avoid the collision (Lord, 1995), (Michalski, Jamroz, 1989). Research was done on the crosswalk on the 
10 Lutego St. in the afternoon rush hours in the center of Gdynia. During the afternoon rush hours there are about 
1200 pedestrians per hour on that street (Fig. 4a). Based on the conducted analyses it has been concluded that in the 
  
Collisions Accidents Injured Light injured Heavy injured Killed 
No [%] No [%] No [%] No [%] No [%] No [%] 
 All intersection 3551 100.0 451 100.0 526 100.0 459 100.0 67 100.0 15 100.0 
Gdynia Signalized 1890 53.2 220 48.8 275 52.3 239 52.1 36 53.7 8 53.3 
 Not signalized 1661 46.8 231 51.2 251 47.7 220 47.9 31 46.3 7 46.7 
 All intersection 109 3.1 159 35.3 158 30.0 133 29.0 25 37.7 7 46.7 
Pedestrians Signalized 50 2.6 72 32.7 74 26.9 60 25.1 14 38.9 3 37.5 
 Not signalized 59 3.6 87 37.7 84 33.5 73 33.2 11 35.5 4 57.1 
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afternoon rush hours 8 conflicts between a pedestrian and a vehicle took place (Fig. 4b). The most frequent type of 
conflict was a situation in which the vehicle turning right into Władysława IV St. stops and later slowly drives up to 
the pedestrian forcing him to speed up. In 5 cases the pedestrian walked onto the crosswalk on a green signal, while 
in 3 cases the pedestrian walked onto the crosswalk on a red signal..  
3. Analysis of pedestrian speed on the crosswalk  
This paper presents the results of the pedestrian behavior tests which were run at the intersection. To run the 
analysis, field studies were undertaken to collect the most credible data from real observation. Pedestrian behavior 
was recorded with the aid of a wide-angle camera of TRISTAR System (Integrated Transport Management System) 
(Jamroz, Oskarbski, 2009), (Oskarbski, 2011). The camera was installed about 4.5m off the ground, which gave wide 
enough scope to cover the analyzed crosswalk in its entirety. The time of all pedestrians walking that crosswalk was 
determined during the afternoon rush hours (October; time: 3-4 p.m.) with good weather conditions. Based on those 
recordings the pedestrian behavior as well as that of the drivers were analyzed on the signalized intersection. The 
collected footage helped to single out such factors as pedestrian volumes, age groups (children, youth, adults, old 
people), the average time to traverse the crosswalk, and entry time of the pedestrian onto the crosswalk with the green 
signal on. Table 2 shows pedestrian speed crossing the crosswalk. The fastest were men (1.41 m/s); the slowest were 
old people (0.88 m/s); the median for all analyzed pedestrians was 1.32 m/s. Quantiles 15%, 50%, and 85% were 
analyzed as well, which helped estimate that less than 15% of pedestrians from the analyzed population move on 
average with a speed of 1.05 m/s, 50% move as fast as 1.26 m/s, and 15% move with the speed higher than 1.52 m/s. 
Fig 5 shows a histogram of pedestrian speed on the crosswalk according to age group. A pedestrian waiting for the 
opportunity to cross the street is positioned in some distance from the curb and has a certain reaction time which 
determines the pedestrianʼs ability to react to the changing signal. Paying attention to that factor, entry time after the 
change of red signal to green signal was also analyzed. It was observed that most women and men enter the crosswalk 
4 seconds into the green signal (Fig 6). At the intersection there is an accommodating signalization and the green 
signal is different in length, which is why Fig 7 presents in which percent of the green signal the pedestrian enters the 
crosswalk. The above-mentioned situation takes place between 10% and 20% of the green light time. It should be 
noted that the pedestrian entry time may be determined by the distance from other crosswalks, the presence and 
proximity of a public transport stop, the surrounding features, and the urban infrastructure and land-use.  
Table 2. Pedestrian speed on a tested crosswalk.  
Group Number Arithmetic mean m/s Quantile 15%  Quantile 50%  Quantile 85% 
Women 158 1.31 1.14 1.26 1.40 
Men 94 1.41 1.25 1.40 1.57 
Youth 7 1.34 1.14 1.26 1.44 
Children 10 1.11 1.05 1.26 1.35 
Elder people 34 0.88 0.70 0.97 1.14 
Total 303 1.32 1.05 1.26 1.52 
 
 
2143 Jacek Oskarbski et al. /  Transportation Research Procedia  14 ( 2016 )  2138 – 2147 
 
Fig. 5. The histogram of pedestrian speed taking a crosswalk between 15:00 and 16:00. 
 
Fig. 6. Time of pedestrians entering the crosswalk (1 second from the green light turning on). 
 
Fig. 7. The entry time (percent of green signal length) of pedestrians on a crosswalk after it is turned on. 
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4. Comparison of traffic control strategies at signalized intersection 
The analyzed crosswalk is situated in the city center in the neighborhood of essential pedestrian traffic ‘generators’. 
In this case, in spite of the heavily vehicle traffic intensity at intersection, the signalization should supply preferable 
pedestrian conditions. To eliminate the conflicting situations within the intersection, an analysis was made of the 
possible changes to be introduced in the functioning of signalization. Two basic options were proposed. Option 1 was 
to create a total separation of pedestrian and vehicle traffic at the crosswalk, taking into account varying pedestrian 
walking speeds. Option 2 was to exclude conflict situations caused by the vehicles leaving the intersection by using 
a conditional green arrow signal turning right. Both options were run through a simulation in the VISSIM model, 
implementing the measured traffic and pedestrian flows. To get a verifiable realistic sample at the analyzed 
intersection, average pedestrian speed and the speed rate distribution was based on the research data presented at point 
2 of the paper. In the simulations, different green signal times were used for the particular streams of traffic. The 
results showing the time of leaving the intersection for vehicles turning right were compared to the current data for 
Option 0 (time elongation). The results are shown in Table 3. 
Table 3. Comparison of traffic control options for the right-hand turning and pedestrians.  
 Cycle 
time (s) 
Vehicle 
green (s) 
Right arrow 
time (s) 
Vehicle 
cycle part 
Pedestrian 
green (s) 
Pedestrian 
cycle part 
Vehicle travel 
time (s) 
Travel time 
elongation 
Pedestrian 
delay (s) 
Option 0 100 49 33 82% 49 49% 23 – – 
Option 1a 100 29 0 29% 14 14% 43.9 91% 77.9 
Option 1b 100 27 0 27% 16 16% 44.7 94% 75.8 
Option 1c 100 24 0 24% 19 19% 46.9 104% 73.0 
Option 2 100 49 0 49% 49 49% 40 74% – 
 
Option 0 represents the status quo of the analyzed intersection. Traffic control is maintained by means of a pre-
-timed signaling program which contains four phases of traffic. (Fig. 8). This intersection has three traffic merges (one 
of which is a one-way road), where each one is controlled by the permissive signal for the vehicles – V1-V3. On all 
merges there are pedestrian crosswalks that constitute signaling groups P4-P8. For the right-hand-turn merges there 
are also conditional turning signals, the so-called right arrows – RA9 and RA10. Conflict situations on the analyzed 
intersection (P5) are related to the common connection of controlling this signal group with V3 group for pedestrians 
with the right arrow RA10 for vehicles. 
 
 
Fig. 8. Signaling phases diagram for option 0. 
The current signaling design considers the possibility of attending to the collision situations while at the same time 
permitting traffic to continue in basically all instances. Phases 1 and 3 attend to vehicle traffic with the parallel 
pedestrian crosswalks. Phases 2 and 4, however, function as sub-phases in which vehicles can make maneuvers that 
do not cause collisions with pedestrians on the merges of the intersection. The exception is phase 4 in which the signal 
on analyzed intersection P5 remains green because of much less right-turning traffic for V3 group compared with the 
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other directions of the ongoing traffic. Turning right is possible in all phases – by means of the permissive signal in 
the V3 group or by means of the conditional green right arrow RA10. Total signal time of both signals permitting 
maneuvers lasts 82% of the cycle to maintain enough minimal intergreen times between phases. In the present traffic 
control system it is crucial that the right-hand traffic is always collisional (green right arrow). In the case of the 
permissive signal, however, the vehicle joining traffic has to give way to pedestrians.  
One way of eliminating such conflict situations is undoubtedly the possibility of complete separation of turning 
vehicles and pedestrians. Such an approach requires changing the signaling groups. The right-hand turning relation 
has to be assigned to a separate group controlled by the direct non-collision permissive signal. Consequently, the 
conditional green right arrow cannot be used then. This approach was proposed as Option 1 – the right-hand turning 
relation on the south merge of the intersection was assigned to the non-collision vehicle group V10 in place of the 
present RA10 group. This option’s design structure is shown in Fig. 9. 
 
 
Fig. 9. Signalling phases for Option 1. 
Compared with the actual state, this change means that turning vehicles and pedestrians can move only in one 
phase, not, as previously, in two. It is assumed that first to go in phase 3 is pedestrian group P5, while in phase 4 it is 
the selected right-hand turn V10. The result of such a sequence is a substantial shortening of the green signal times 
for both analyzed streams of traffic. It is especially important in the case of crosswalks, since what needs to be 
appropriately estimated is the phase duration considering the number of pedestrians and their speed. On many 
signalized intersections, where a similar way of pedestrian traffic is arranged, a minimized signal time (within the 
regulatory limits quota) is set for the pedestrian green signal. It is highly undesirable in cases when there is heavy 
pedestrian traffic or the crosswalk is used by many older people whose speed is far off the average estimated speed 
for adults in general. For attaining a wider scope of results in option 1, three pedestrian crosswalk phase durations 
were allowed based on the three average assumed pedestrian speeds: 
x Option 1a – pedestrian speed 1.3 m/s 
x Option 1b – pedestrian speed 1.1 m/s 
x Option 1c – pedestrian speed 0.9 m/s 
In option 1a, the green signal time for pedestrians is 10 seconds + 4 seconds of the flashing green interval. This 
corresponds with the median speed quotient of pedestrians observed in field studies, as well as the minimum green 
signal time allowed for pedestrians as stated in the Polish Traffic Speed Regulations for pedestrians (1.4m/s). Option 
1b takes a lower average crosswalk walking time but 2 seconds longer for the green signal time on the crosswalk. In 
option 1c, to measure the green signal time, it was the slowest walking speed observed that was used in the 
calculations. In this case pedestrians get a total of 19 seconds for the green signal to cross the crosswalk while the 
vehicle trafficʼs green signal is shortened by 25 seconds as compared with the present situation. Implementing the 
separate traffic phases for the analyzed relations results in a shorter vehicle signal cycle, from 82% to 29%, 27%, and 
24% respectively in the least preferable for the vehicles Option 1c. For pedestrians, a substantial reduction from 49% 
to 14%, 16%, or 19% is noticeable. The turning vehicle driving time extends on average by 20 seconds in every 
analyzed option. What influences this is the number of stops and longer waiting time for the change of signal. In the 
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most disagreeable option (Option 1c) for vehicles, the driving time doubles in comparison with Option 0. At the same 
time, in each option the pedestrian traffic conditions also worsen. The separation of the non-collision phase results in 
the elongation of the waiting time for the change of signal. It has been calculated that with the implementation of the 
shortest permissible walking time on the crosswalk in Option 1a – the number of pedestrians who could take the 
crosswalk with the present signaling control system constitutes about 14%. Yet, because of the shortening of the green 
signal time they would get to the crosswalk after phase 3 is finished. What is crucial here, is that these forced stops 
clearly prolong the waiting time for the green signal because for the analyzed case here depending on the particular 
pedestrian speed they amount to 73 to 78 seconds per pedestrian (table 3). With the proportionally small number of 
turning vehicles, the extraction of non-colliding phases is definitely ineffective in terms of traffic time loss for both 
pedestrians and vehicles. Implementation of option 1 in the pre-timed signaling program is correct only during times 
of very heavy traffic. On the other hand, implementing the fully-actuated signaling program requires extending the 
detection system by introducing sensors detecting pedestrian movement, which in the central urban areas is hardly 
welcome, especially when we take into account the necessity of installing the buttons for pedestrians requesting 
a green signal.  
Considering all the above mentioned issues, option 2 assumes the admission of vehicle and pedestrian traffic based 
on permissive signaling rules with a common phase simultaneously switching off the conditional right arrows in phase 
1 and 2 (Fig. 10). A detailed analysis of the conflict situations in option 1 has shown that most of them do not result 
from not giving way for the pedestrians by the vehicles turning right in phase 3 and 4, but from the fact that vehicles 
appear on the crosswalk at the moment of transition from phase 2 to phase 3 when the conditional right arrow signal 
ends while on the parallel crosswalk and intersection entry the green signal begins. 
 
 
Fig. 10. Signalling phases for Option 2. 
The simulation results for option 2 also show a substantial increase (74%) in vehicle passage time on right turning 
movements (table 3). This means that the conditional right arrow clearly makes it possible for the vehicles to leave 
the intersection faster. From the point of view of traffic control safety and the length of green signal time for the 
pedestrians, it is a useful solution, especially that the green signal time for pedestrians is not shortened in the entire 
signaling cycle.  
Taking into account all of the collected data, it may be noticed that for keeping the traffic flow steady the use of 
permissive signaling with the support of a green arrow signal is the most effective means. Thus, all the traffic users 
may make the most of the green light time in its cycle, which in turn results in the shortest time of going through or 
waiting. The negative here of this phase arrangement is the possibility of collision circumstances.  
The analysis have not produced satisfactory results, but have designated directions in which such solutions should 
be searched. In future studies we will be searching for further solutions that will improve the safety of pedestrians and 
simultaneously minimize loss of time of traffic participants. 
5. Conclusion 
The introductory analyses have made it possible to identify the factors that have to be considered while planning 
new solutions in traffic control systems which may help to prioritize pedestrians and include their needs. Those efforts 
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have also helped work out a research method in order to find optimal solutions for the improvement of traffic 
conditions and the level of safety of pedestrians at intersections with traffic lights. Analysis of traffic safety with 
particular emphasis on accidents with pedestrians at intersections with traffic lights have been done. The analysis was 
complemented with research using the Conflict Technique. The analyzes allowed to identify conflict points where 
there is a risk of an accident involving pedestrians. In the case of the analyzed intersection There are following 
identified factors which can affect the occurrence of an accident: 
x too long waiting time for the green signal 
x too short length of green time for pedestrians 
x left or right turn movement of vehicle on the permissive green mode colliding with pedestrian traffic 
x right turn movement of vehicle with use of conditional green arrow colliding with pedestrian traffic 
A very important element of pedestrians service at the signalized intersection is to give them sufficient time to pass 
a pedestrian crossing. Analyzes of factors determining the crossing time (walking speed, time of entry into a pedestrian 
crossing from the beginning of green time, and the number of pedestrians entering a crossing in the identified period 
of time after the beginning of green time) have been presented in the second part of the paper. Calculation of the green 
signal length for pedestrians must also take into account their speed of walking in different age groups, and their 
volume). If there is a significant proportion of elder people in the pedestrians stream, extended length of green signal 
should be foreseen to provide comfort to pedestrians. 
The analysis of conflict situations, places of accidents occurrence and pedestrian speeds have been used to develop 
and simulate scenarios, which could reduce the number of collision movements with pedestrians. The analyzes did 
not produce satisfactory results, but have designated directions in which such solutions should be searched: 
x possibility of reducing the number of green arrows, which could reduce the number of collision points with 
pedestrians  
x possibility of implementation of fully-actuated traffic signal which involves the introduction of automatic 
detection of pedestrians 
x the correct sequence and arrangement of phases could raise the level of traffic safety (especially in the case of 
permissive mode signal) 
In future studies we will be searching for further solutions that will improve the safety of pedestrians and 
simultaneously minimize loss of time of traffic participants. It should be noted that the analysis using presented 
methodology will be continued and will include a greater number of intersections to develop recommendations for the 
signal control logic. 
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